Introduction
Donor (D)-acceptor (A) oligothiophene derivatives have received a great deal of attention due to their interesting electrochemical properties which make them interesting candidates for ambipolar field-effect charge transport as well as because of their varied photophysical properties. [1] [2] [3] Especially remarkable has been the investigation on different oligothiophenes covalently linked to naphthalimides, [4] [5] [6] the smallest member of the rylene colorant family, 7, 8 because of their significance as organic materials and in supramolecular chemistry. 9 Thus, in the last few years we have synthesized oligothiophene-naphthalimide and peryleneimide assemblies ( Figure 1a ) with good performances in organic field-effect transistors (OFETs) 10, 11 in which both donor and acceptor moieties are directly conjugated through either imidazole or pyrazine rigid linkers. It was found that the absence of skeletal distortions allows closer intermolecular π-π stacking and enhances intramolecular π-conjugation, thus promoting good film crystallinity and low reorganization energies for both electron and hole transport. 11, 12 In this context, tailoring electron donor (D)−acceptor (A) heterojunctions is one of the most essential subjects in the design of optoelectronic materials. D and A components tend to assemble together via a charge-transfer (CT) interaction, [13] [14] [15] unfavorable for photoelectric conversion and charge transport. Thus, X-Ray diffraction of single crystal of some of our previously synthesized derivatives of these families (Figure 1) show that the conjugated D-A molecules stack with neighboring molecules packing in a head-totail fashion. This should not be in principle a problem for photoelectric conversion and charge transport, 10 if the frontier molecular orbitals were delocalized over the whole conjugated skeleton. 16 However, in systems closely related with these semiconductors, 10, 12 we have demonstrated that the HOMO and LUMO levels are localized on the oligothiophene and arylene fragments, respectively.
Therefore, rational molecular assembling strategies are needed to assist donor (D) and acceptor (A) molecules to assemble homotropically to form heterojunctions with segregated D and A domains for transporting holes and electrons, respectively. [17] [18] [19] [20] [21] [22] [23] This essential problem has been already addressed by Aida and coworkers, who proposed a molecular design strategy using 'side-chain incompatibility' based on D-A dyads sitespecifically functionalized with two incompatible side chains. 24, 25 Other interesting examples also proposing the use of amphiphilic chains to form active gels can be found in literature. [26] [27] [28] [29] [30] [31] [32] On the basis of our previous work, we have adapted this molecular design to the development of new molecular semiconductors named NIP-3T Amphi and NIP-3T Lipo (Figure 1b) , which bear at their termini hydrophilic and hydrophobic side chains, respectively. Our final aim is to relate the optoelectronic properties of the materials with the different self-assembling behavior of the amphiphilic and lipophilic systems. Note that tuning the molecular packing in organic semiconductors normally has tremendous influence on the electronic properties. [29] [30] [31] Our molecular design consists of naphthalimide-fused thienopyrazine (NIP) derivatives NIP-3T Amphi and NIP-3T Lipo with A-D units. The donor moiety consists of terthiophene units connected by a pyrazine linker to the naphthalimide. The NIP-3T Lipo possesses a hydrophobic structure with alkyl chains in both sides of the NIP core while the NIP-3T Amphi derivative is designed with an unsymmetrical amphiphilic structure provided by N-alkylimide functionality and triethylene glycol (TEG) chains on the opposite sides, which may allow self-assembly by noncovalent interactions, whereas hydrophobic−hydrophilic interactions may play a determinant role for aggregation 33- achieve the asymmetric functionalization of the NIP core, a convergent strategy with stepwise introduction of hydrophobic or hydrophilic terthiophene segments to the naphtalimide dione building block 6 was adopted (Scheme 1).
Diamine 5 was obtained by the three-step reaction sequence depicted in Scheme 1 starting from a 2-bromothiophene derivative endowed with a TEG chain (1). As expected, the different alkyl/alkoxy chains do not have a remarkable effect in the electrochemical properties. In fact, both compounds exhibit an almost identical electrochemical response. They show two reversible reduction processes which can be assigned to the naphthalimide moiety while the oligothiophene moiety is responsible for (Table 1) .
The same occurs in the optical characterization. Thus, the absorption spectra of NIP- (Table 1) . Thus, we can conclude that the absorption spectral profiles and redox properties of NIP-3T Amphi and NIP-3T Lipo are nearly identical under these diluted conditions. of NIP-3T Amphi and NIP-3T Lipo , respectively (Figure 3c and 3d) . The films were deposited over a quartz surface. For both compounds it is observed a considerable bathochromic shift in comparison with the UV-Vis absorption spectra in solution,
suggestive of considerable aggregation of both assemblies in the condensed state.
In order to get some insight in the aggregation processes, we have carried out concentration dependent electronic absorption spectra (1.95 × 10 -5 M to 7.8 × 10 -7 M) of NIP-3T Amphi in pure methanol, DCM or n-hexane ( Figure S4 ). In this range of concentrations, no obvious shift was observed in the absorption spectra. Similar studies of NIP-3T Lipo were carried out, showing no shifts when varying the concentration (see Figure S5 ). However, some differences are observed when the absorption spectra of These results prompt us to analyze molecular aggregation further. For this end, temperature dependent electronic absorption spectra were recorded in 2-methyltetrahydrofuran ( Figure 4 ). In this case, significant changes were observed for the two semiconductors; while a severe bathochromic displacement (∼50 nm) of the low energy band is observed for NIP-3T Amphi upon cooling down, only negligible changes are recorded for NIP-3T Lipo , indicating a stronger tendency to form aggregates for the amphiphilic molecule. NIP-3T Amphi absorption spectrum at low temperature also shows a noticeable broadening of the high energy band, which is in agreement with the formation of aggregates. On the contrary, the spectrum of NIP-3T Lipo remains basically unaltered throughout the whole temperature range analyzed. In order to assess the different tendency for aggregation in the two derivatives, a hexane solution (5mL) was heated at 60ºC until it turned clear. Then, the resulting solution was allowed to cool to 25 ºC, whereupon a suspension resulted for NIP-3T Amphi . On the contrary, no aggregates were observed for NIP-3T Lipo by this method. Scanning electron microscopy (SEM) of the suspension, after being air-dried, showed the presence of microfibers with a high aspect ratio and lengths surpassing 20 µm ( Figure   6 ). Since crystal growth of NIP-3T Amphi and NIP-3T Lipo was not possible, in order to elucidate the aggregation pattern, we carried out calculations of two different theoretical dimers for each molecule, one in a parallel (P) and the other in an antiparallel (AP) disposition ( Figure 8 ). The estimation of the interaction energy of the aggregate was feasible at two different levels of calculations, CAM-B3LYP/6-31G** and M062X/6-31G** ( Figure S13 ).
43-45
The CAM-B3LYP 46 was chosen since it is a long-range corrected hybrid functional that allows better long-range connection effects on dimers than the widely used B3LYP
functional. 47, 48 On the other hand, the M062X functional 49, 50 was used because of its ability to describe π-π interactions and estimate the energies of the weak intermolecular present in π-dimers. Both levels of calculations predict that for the amphiphilic molecule, NIP-3T Amphi , the most stable dimer is the parallel one (by 6.9 Kcal/mol at both the CAM-B3LYP and the M062X level), as expected, due to attractive interactions between the polar end groups.
On the contrary, the antiparallel dimer model is slightly more stable (by ∼1 Kcal/mol at the CAM-B3LYP level and 1.85 Kcal/mol at the M062X level) for the NIP-3T Lipo system, as previously demonstrated for other oligothiophene-naphthalene fused molecules. 10 Since both approximations seem to be suitable to track this problem, for the remaining calculations we will make use of CAM-B3LYP functional.
Reorganization energies were calculated for the isolated molecules. A slightly increase of the energies for both electron and hole transfer was found for the amphiphilic derivative (λ h : 264 meV, λ e : 312 meV for NIP-3T Lipo vs. λ h : 281 meV, λ e : 324 meV for NIP-3T Amphi ). Similar increases in reorganization energies upon alkoxy/alkylether substitution have been previously observed. 43, 51 Nevertheless, the values for both derivatives are within the common ones reported for active organic semiconductors.
For instance, λ h values of 306 meV and λ e values of 309 meV were obtained for phenylsubstituted dithienoacene (DP-DTT) and phenyl-alkyl substituted perylene tetracarboxylic diimides for which hole and electron field-effect mobilities as high as 0.31 and 1.4 cm 2 V -1 s -1 , respectively, were reported.
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In addition, it is important to understand how the intermolecular packing influences fundamental charge-transport parameters, such as electronic coupling (or transfer integrals). To this end, transfer integrals (t) were calculated for the two predicted dimers (P and AP configurations) for each molecule (see Table 2 ). Larger t values for hole transport (t h ) are found in the P configuration when compared to those obtained in the AP configuration. This result is not surprising since the transfer integral is driven by wave function overlap, and a much lower HOMO-HOMO overlap occurs in the antiparallel disposition because the HOMO is basically located on the terthiophene fragment. However, since the LUMO is more delocalized over the conjugated framework molecule the t values for electrons (t e ) remains significant in the antiparallel disposition; note that even larger t e values are found for NIP-3T Amphi (AP) when compared to NIP-3T Amphi (P). The extremely low t e values obtained for NIP-3T Amphi (P)
can be attributed to the displacement along the short molecular axis observed in this optimized dimer (see SI); note that these calculations are performed in the vacuum and some changes in the stacks are expected within the thin film. In order to give more insights in this respect, we have calculated the impact of short-axis displacement on the transfer integrals by sliding one molecule over the other in a cofacial configuration, without having to consider the substituents explicitly (see Figure S14 ). As a consequence of the larger present of nodal planes in the LUMO orbitals along the short molecular axes, the LUMO-LUMO overlap is much larger affected by small displacements between adjacent molecules in this direction when compared to the HOMO-HOMO overlap; therefore, short-axis displacement is expected to impact more strongly on the electron than hole transport.
Comparing the most stable dimeric configurations for each system (data highlighted in bold in Table 2 ), it is remarkably clear that while the transfer integral for electron transport remains basically unaltered with the amphiphilic (NIP-3T Amphi (P)) /lipophilic (NIP-3T Lipo (AP)) interactions, transfer integral for holes in NIP-3T Amphi (P) is greatly enhanced, with a t h value of 62 meV, which may be extremely interesting for hole transport. In a first attempt, bottom-gate top contact field-effect transistors were fabricated.
Semiconductors thin films were deposited either on untreated and SAM-treated Si/SiO 2 .
However, while untreated substrates give no field-effect performances, thin films on SAM-treated Si/SiO 2 was not possible for NIP-3T Amphi due to the surface hydrophobicity, incompatible with its hydrophilic alkyl chains. Therefore, charge carriers mobility at RT was determined by employing the time of flight (TOF) technique. 54, 55, 56 Figure 9 shows, in a log-log scale, electron current transients in NIP-3T Amphi and NIP-3T Lipo samples, at room temperature (RT) under a field of 2 V/µm.
Remarkably, the mobility at RT and 2 V/µm in NIP-3T Amphi (4.3×10 -6 cm -2 V -1 s -1 ) is about 30 times higher than that in NIP-3T Lipo (1.3×10 -7 cm -2 V -1 s -1 ). For both materials, the transients have similar behavior and can be qualitatively described with the stochastic theory of dispersive transport in amorphous solids of Scher and Moltroll (SM). 57 In this model, the transit time (τ), corresponding to the arrival of fastest carriers travelling a distance d, is determined from the maximum slope change in the final part of the curve. According to this, τ values have been obtained for NIP-3T Amphi and NIP-3T Lipo , respectively (see Figure 9 ). It is also observed that for times shorter than and longer than τ, the logarithmic slopes (m 1 and m 2 , respectively) are higher and lower than -1 even though the sum is not -2, as predicted by the SM theory. This condition The photoconducting behavior of both materials has also been explored (see conditions in SI). This is a parameter of interest considering that photoconductive materials with low dimensionality have drawn intensive interest for their applications in photodetectors, [62] [63] [64] [65] found that photosensitivity is similar in both derivatives (S ~ 10). However, j phot and j dark are approximately 5 times higher for NIP-3T Amphi . Besides, the photocurrent obtained under illumination through both, the positive and negative electrodes is quite similar, in agreement with the ambipolar behavior derived from mobility measurements.
The observation of a more efficient transport and photoconducting properties for the amphiphilic derivative can be attributed to the presence of suitably molecular stacking in molecular aggregates that reduce disorder and enhance transport.
Conclusions
We have developed amphiphilic and lipophilic donor-acceptor naphthalimideoligothiophene assemblies which exhibit almost identical electronic parameters 
